Pathogenicity, virulence and resistance of infection-causing bacteria are noteworthy problems in clinical settings, even after disinfection practices and antibiotic courses. Although it is common knowledge that these traits are associated to phenotypic and genetic variations, recent studies indicate that colony morphology variations are a sign of increased bacterial resistance to antimicrobial agents (i.e. antibiotics and disinfectants) and altered virulence and persistence.
Introduction
In the clinical context, bacteria can be isolated from various sources such as patients, indwelling medical devices (e.g. catheters, prostheses, pacemakers, Ana Margarida Sousa · Anália Lourenço · Maria Olívia Pereira IBB -Institute for Biotechnology and Bioengineering, Centre of Biological Engineering, University of Minho, Campus de Gualtar, 4710-057 Braga, Portugal e-mail: {anamargaridasousa,analia,mopereira}@deb.uminho.pt endotracheal tubes), biological fluids (e.g. blood, urine and sputum) and abiotic surfaces (e.g. clinical and medical equipment and air). In addition, bacteria are usually isolated from biofilms, i.e. organised microbial communities entrapped on protective polymeric matrices, which are formed in a variety of biotic [1] and abiotic surfaces [2] .
Bacterial persistence due to biofilm formation is a noteworthy downside in clinical settings, challenging disinfection and antibiotic procedures. Recent studies have pointed out colony morphology variations as a sign of increased resistance to antimicrobial agents (i.e. antibiotics and disinfectants) as well as of altered virulence traits and persistence of infection-causing microorganisms. Small colony variants (SCV) [3] [4] [5] and mucoid variants [6, 7] are examples of this phenomenon -e.g. the reduced size and the mucoidity of colony variants appear to be linked to a higher resistance to some significant antibiotics of medical use, such as vancomicin, kanamycin and ciprofloxacin.
Colony observation has thus become a crucial asset to medical diagnose and clinical decision making. However, the characterization has to go well beyond the simple identification of the microorganisms involved and some qualitative or quantitative description of the altered colony morphology. Despite of the simplicity of colony observation procedures, they often diverge on the experimental settings (namely, the conditions of cultivation) and colony morphology is likely to be altered under different conditions [8, 9] .
The development of computational tools in assistance of phenotypic data deposition and further comparison is the key to integrate phenotypic observations into clinical routines. The challenge lays on establishing standard laboratorial guidelines and consensual criteria to identify the morphological characteristics of the colonies and then, creating a suitable and unambiguous computational representation for both the experiment profile and microscopic observations. This work proposes the Colony Morphology Ontology (CMO), a novel ontology in support of the comprehensive annotation of colony phenotypic studies. This ontology supports MorphoCol, a Web-based framework suitable for the modelling and analysis of biofilm phenotypic signatures. The framework is being submitted to in-house testing and will be soon made publicly available at http://stardust.deb.uminho.pt/morphocol/.
The Colony Morphology Ontology
One of the signs of bacterial adaptability to aggressive environments is the change between distinct phenotypes similar to a mechanism On/Off. This changeability is augmented when bacteria face antimicrobial pressures or switch their mode of growth to the biofilm state [10] . A rapid tool to notice this variability is the spread of bacterial cultures on solid media and the observation of the morphology of the colonies adopted by bacteria. But, in order to take full advantage of these outputs, researchers are in need of controlled vocabulary to annotate the experimental settings and the parameters used to characterise the morphotypes unequivocally.
